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Research Facility
• Experimental Multiphase Flow Laboratory
 Dr. Ted Heindel
 1121 Black Engineering
 X-ray Flow Visualization
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Research Facility
• Multimodal Experience Testbed and Laboratory (METaL)
 Dr. Judy Vance
 1121 Black Engineering
 Virtual Reality Applications
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Research Area
• Granular Flow Industrial Application
 Energy generation
 Biofuels research
 Pyrolysis in double screw mixer
 Particle-particle mixing
• Flow Characterization Methods
 Surface visualization
 X-ray particle tracking velocimetry (XPTV)
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Granular Flow Analysis
• Surface Visualization and XPTV Characterization Methods
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Granular Flow Visualization
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Granular Flow Visualization
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Flow Visualization in Virtual Reality
• Flow Chart of Visualization Application for Mixing Process
1. Determine 
mixing process to 
be analyzed
2. Identify 
parameters of 
mixing process
3. Develop animation of 
hardware for visualizing 
experimental data
4. Incorporate virtual 
reality features
5. Experience 
experimental mixing 
data in virtual reality
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Double Screw Mixer Case Study
• Double Screw Mixer Application
 Experiment
• Equipment and materials
• XPTV characterization method
 Experimental Parameters
• Screw rotation speed of 60 rpm
• Dimensionless screw pitch of 1.75
• Counter-rotating, down-pumping orientation
• Tracer particle injection into port 1
 Tracer Particle
• Single biomass particle
• Particle position data from XPTV
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Program Animation Parameters
• Animation of Mixing Process
 Animation of experimental hardware
• Solidworks models of pyrolyzer casing 
and screws
• Object for tracer particle
 Animation of experimental parameters
• Screw rotation speed setting
• Dimensionless screw pitch selection
• Screw rotation orientation setting
 Animation of experimental data
• Tracer particle position data
• Calibration of initial tracer particle 
position
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Program Development
• Animation Program in VRJugglua
 Lua language 
 Functions for uploading, manipulating, and 
rendering the animation and for user interaction
• Virtual Reality Interface
 VRJuggler
 Open Scene Graph (OSG) Documentation
• Virtual Reality Facility
 Two walls and floor for 4mx3mx3m space
 Digital Projection International TiTAN WUXGA-
3D projectors
 ART TrackPack 4 system
 Intel Xeon X5677 quad-core processors
 NVIDIA graphics cards and computing systems
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Program Features
• Features for Virtual Reality Environment
 Viewing enhancement
• Path-line of tracer particle 
• Lighting
 User interaction
• Dynamic perspective
• Controlled perspective
 Wii remote capabilities
• Pause/reverse/reset
• Zoom function
• Speed setting
• Hardware options
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Granular Flow Animation
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Granular Flow Animation
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Summary
• Conclusions
 Independent research study provided unique opportunity to 
learn about programming for a virtual reality application
 Program was developed for animating experimental data
• Implications
 Undergraduate research enabled personal development
• Acquisition of unique skills set
• Additional programming experience
• Exposure to multiple research areas
 Visualization in virtual reality provided a novel method to 
analyze experimental data 
• Enabled dynamic, qualitative analysis of mixing process
• Used as a pilot project for similar visualization applications
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Questions
